Precise measurements of the minimal fluorescence yield (F.) and maximal fluorescence yield (Fm) of a dark-adapted sample are prerequisites for the quantification of other fluorescence parameters. The pulse amplitude-modulated chlorophyll fluorometer (PAM 101 Chlorophyll Fluorometer, Heinz Walz, Effeltrich, Germany) and saturating pulse technique have frequently been used in measuring F. and Fm and in resolving the contributions of photochemical and nonphotochemical quenching to the total fluorescence yield. The extent to which instrument-dependent factors may affect the accurate measurement of F. and Fm is addressed. It is shown that the increase in pulse amplitude-modulated measuring beam intensity at 1.6 and 100 kHz was nonlinear at higher light intensity settings. The implications of this for measurements of F. (1.6 kHz) and Fm (100 kHz) are discussed. It is also demonstrated that underestimation of Fm may result due to saturation of the PAM 101 photodiode by scattered infrared light associated with intense light pulses. In addition, it is shown how sample-dependent factors may affect measurements of F. and Fm in samples with low chlorophyll concentrations, in particular, dilute algal suspensions of Phaeodactylum tricornutum and Chiamydomonas reinhardtii. A technique is presented for the accurate measurement of F. in algal suspensions (<8 gg chlorophyll a mL-1). The importance of examining the saturating pulse transient and Fm level as a function of the damping setting, pulse width, and pulse intensity, and in the presence of 3-(3,4-dichlorophenyl)-1,1-dimethylurea is discussed.
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The quantitative analysis of Chl a fluorescence quenching has provided information on processes that may be regulating PSII photochemistry during steady-state photosynthesis (7, 13, 16, 19) . Quenching of Chl fluorescence has been attributed to both photochemical (qp2) and nonphotochemical (qN) processes. qp reflects the competition between photochemistry and fluorescence for deactivation of Chl-excited states in the antenna. When tion of the primary quinone acceptor (closed trap), photochemical quenching of excited states is eliminated (qp = 0) and the fluorescence yield is maximal. When all reaction centers are capable of photochemistry, qp is maximal (=1) and the fluorescence yield is low. In contrast, a diverse group of components contributes to qN; these essentially reflect the nonphotochemical pathways by which excited states in the antenna can be deactivated. The primary component involves thermal deactivation of excited states and is associated mainly with the establishment of the transthylakoid pH gradient during electron transport and possibly with the xanthophyll cycle (2, 12) . Other qN components include state transitions and photoinhibition (4, 6, 9, 15) . The extent to which each component contributes to the total amount of qN measured depends on the history of the sample and the conditions under which the measurements are conducted (10, 13) .
Utilization of the PAM Chl fluorometer (PAM 101 Chlorophyll Fluorometer, Heinz Walz, Effeltrich, Germany) (16) and the saturating light pulse (light-doubling) technique (1) have proven useful in resolving the contributions of both qP and qN to the fluorescence yield observed under different physiological conditions. The rationale behind this technique is that application of a brief (0.02-2.0 s) high-intensity pulse of light to a sample will result in the transient reduction of the primary electron acceptor QA without affecting the processes determining qN. The requires that the measuring intensities scale properly between the two modulation frequencies. These factors were examined below.
The 12 different intensities of the pulsed measuring beam at 1.6 and 100 kHz are presented in Table I . At each instrument light intensity setting (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) , the intensity of the measuring beam is increased by an average factor of 60.11 between 1.6 and 100 kHz; this is close to the expected increase of 62.50 (100/1.6 kHz). However, Table I also indicates that as one progresses to higher instrument light intensity settings, the increase in intensity at 1.6 kHz is slightly larger than the increase at 100 kHz; this results in the decrease in the ratio of light intensity at 100 to 1.6 kHz at higher intensity settings. Factors which may account for this include LED output limitations such as decreases in emission yields at higher pulse currents and frequencies due to localized heating within the LED (PAM Chlorophyll Fluorometer System Description, Operation Manual and Examples of Application, Heinz Walz, Germany).
As a result of variations in excitation intensity between 1.6 and 100 kHz, one would expect that the ratio of fluorescence signals at 1.6 and 100 kHz would also vary with PAM intensity setting. This was demonstrated experimentally in Figure 1 for fluorescence from Chl extracts. The ratio of fluorescence at 100 to 1.6 kHz ranged from 1.4 (setting = 1) (F-sp) of the saturating light pulse. However, we observed a consistent decline in fluorescence levels with increasing pulse intensity (Fig. 2) (Fig. 3) . Although the PAM 101 photodiode is blocked by a RG-9 longpass filter and is thus protected against reflected and scattered light of wavelengths less than 700 nm, silicon photodiode detectors have their peak sensitivity at 800 nm and their detection capacity extends beyond 1 ,um. In Figure 2 Instrument settings and conditions were identical between measurements. All samples were dark-adapted for 5 min prior to measurements. Fm levels were measured using a 6800 ME m-2 S-1 (blue light) saturating light pulse.
[ Figure 3 . Therefore, the decrease observed in this ratio in Figure 2 is attributable to IR saturation of the photodiode. From these results, we conclude that utilization of typical heat-absorbing filters and water baths will not prevent IR saturation of the PAM 101 photodiode when high-intensity light pulses are used.
Measurements of F. and Fm in Algal Suspensions
At low Chl concentrations, noise limitations of the PAM fluorometer complicate fluorescence measurements. In order to maximize signal to noise ratios when working with algal suspensions, one approach has been to increase the overall fluorescence signal by using high concentrations (>10 ,ug Chl a mL-1) (5). However, our results suggest that this approach should be avoided. Working with whole cell Chlamydomonas suspensions, we observed that the value of Fm/Fo was strongly dependent on Chl concentration ( Fig. 4 (Table VII) . However, in Phaeodactylum, the Fm (sp, DCMU) level was greater than that determined with the saturating light pulse alone (Table  VII) . Although Figure 6 suggests that a 6800 ,uE m-2 s-1 light pulse should completely reduce QA in Phaeodactylum, if any nonphotochemical quenching were present in the darkadapted state, fluorescence levels may not reach their true maximum level until this quenching is relaxed. This possibility will be addressed in a future paper. It is clear from these results that to measure Fm accurately in different algal species, measurement conditions must be carefully optimized for each species.
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